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Chapter 3 
 
RESEARCH METHODOLOGY 
 
3.1 INTRODUCTION 
 
This chapter presents the methodologies of the experiments to achieve the 
objectives.  The determination of physical characteristics of soil were done according to 
BS:1337:Part 2:1990 standards. The biological characteristic of soil was done by using 
the spread plate method. Next, the establishment of SWCCs were done by using vapour 
equilibrium technique and the determination of carbon contaminant in contaminated soil 
was done by using total organic carbon (TOC) test. 
 
3.2 SAMPLE SELECTION 
Undisturbed soil was collected at palm oil mill at Tawau, Sabah by using 
sample auger  at five metre depths. The sample was sealed in a bag and transported to 
the laboratory. The sample was crushed and sieved, and only the soil that passed 
through sieve size 63 micron was considered in this study. 
 
3.3 SAMPLE PREPARATION 
Bentonite clay soil that was taken in Tawau, Sabah was used in this 
experiment. The soil specimens were prepared in slurry conditions which is (i) 
uncontaminated soil and (ii) contaminated soil. Both of the uncontaminated and 
contamimated soil was used in the drying tests to establish the suction water content 
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curve (SWCC). Next, the uncontaminated soil was used to determine the soil microbe 
that is present in the soil by spread plate method meanwhile the contaminated soil was 
used for checking of contaminants concentration by using TOC test.  
 
3.3.1 Uncontaminated Soil 
Uncontaminated soil specimen was prepared by mixing dried powder soils 
with distilled water equal to 1.2 liquid limits of soil. The soil specimen then was sealed 
in plastic bags and stored in air tight containers for the mixture of soil-water to be in 
equilibrium condition. The storage of the soil specimens took place for seven days in a 
room with a room temperature. 
 
3.3.2 Contaminated Soil 
Contaminated soil specimen was prepared by mixing dried powder soils with 
palm oil mill effluent to 1.2 liquid limits of soil. The soil specimen was then stored in a 
sealed plastic bags and kept in air tight container for the mixture of soil-water to be in 
equilibrium condition. The storage of this soil also took place for seven days in a room 
with a room temperature. 
 
3.4 DETERMINATION OF PHYSICAL CHARACTERISTICS OF SOIL 
 
3.4.1 Particle Size Distribution 
 
This test is performed to determine the percentage of different grain sizes 
contained within a soil. Sieve analysis is done to determine the distribution of the large 
and coarse particles. Fine analysis is used to determine the distribution of finer particles. 
This experiment is based on the reference of BS1377 – standard test method for particle 
– size analysis of soils. 
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3.4.2 Specific Gravity 
This test is done to obtain the specific gravity of a soil by using a density 
bottle. Specific gravity is the ratio of the mass of unit volume of soil at a stated 
temperature to the mass of the same volume of gas-free distilled water at a stated 
temperature. This experiment is based on the reference of BS1377: Part 2:1990:8.3 – 
Standard test of Specific Gravity for fine grained soil using density bottle. 
3.4.3 Atterberg Limit 
This test is done in order to determine the plastic and liquid limits of a fine 
grained soil. The liquid limit (LL) is based on measurement on penetration into the soil 
of a standardized cone of specific mass. At the liquid limit, the cone penetration is 
20mm. The plastic limit (PL) is the water content, in percent, at which a soil can no 
longer be deformed by rolling into 3.2mm (1/8in.) diameter threads without crumbling. 
This experiment is based on the reference of BS1377: Part 2: 1990:4.Wa3. 
 
3.4.4 Water Content 
 
This test is done to determine the water (moisture) content of soils. The water  
content is the ratio, expressed as a percentage, of the mass of “pore” or “free” water in a 
given mass of soil to the mass of the dry soil solids. This experiment is based on the 
reference of BS1377:1990 – standard test method for laboratory determination of water 
content of soil, rock, and soil-aggregate mixtures. 
 
3.5 DETERMINATION OF BIOLOGICAL CHARACTERISTICS OF 
SOIL 
10 g of soil sample was suspended in one mole of saline solution for 24 
hours. Sodium chloride, NaCl was considered in this test. The solution was prepared in 
one litre bottle by mixing NaCl salt and deionised water. Soil is then added into the 
solution. After that, 500 mL was pipette from the bulk solution by spread plate method.  
